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1
METHOD FOR GENERATING REGULAR
ELEMENTS IN A COMPUTER-AIDED
DESIGN DRAWING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to computer-aided
design and, more particularly, to a method for generating
regular elements in a computer-aided design drawing.

2. Description of the Related Art

The term computer-aided design (CAD) generally refers to
a broad variety of computer-based tools used by architects,
engineers, and other construction and design professionals.
CAD applications may be used to construct computer models
representing virtually any real-world construct. For example,
CAD applications are frequently used to compose graphical
representations of civil engineering constructs such as beams,
walls and columns. Using a CAD application, a user may
compose a CAD drawing by selecting drawing elements and
positioning them within the drawing. Typically, drawing ele-
ments are provided to represent elements of the object being
modeled.

In composing a drawing for a building, there are often sets
of elements that are laid-out in regular fashion. This is par-
ticularly true of structural members. For example, columns
often conform to a regular grid and beams typically connect
columns at each floor. In a similar manner, floor and roof
joists span floor beams and roof girders at regular intervals.

The process of creating these elements is time-consuming
and often tedious. In the example of structural members, a
discrete drawing process must be undertaken for each struc-
tural member drawn. For each structural member to be drawn,
a start point and an end point must be identified first, and then
the structural member will be drawn between the start and end
points. In other words, the structural members must be drawn
one at a time.

A software product provided by VisionREZ partially auto-
mates the process of drawing regular elements. With this
software, the user selects a bay and then enters into a dialog
mode. While in this mode, the user makes numerical inputs
into an input window, e.g., to specify the number of beams or
floor joists to add to the bay, and the spacing between them.
‘When the user submits these inputs for processing, the regular
elements are generated in accordance with the inputs and
saved into the drawing. For any modifications, the user will
need to re-enter the dialog mode and edit the prior inputs.

SUMMARY OF THE INVENTION

The present invention accelerates the process of generating
regular elements in a CAD drawing by providing a CAD
designer with the ability to generate regular elements for a
CAD drawing interactively, dynamically, and in real-time.
With the present invention, the CAD designer can preview the
regular elements that he or she will be adding to the CAD
drawing, and can modify the number of regular elements to be
added interactively and in real-time. Embodiments of the
present invention provide a method for generating regular
elements for a CAD drawing, and a computer program prod-
uct containing instructions for a computer system to carry out
such a method.

One feature of the present invention is that a preview dis-
play of the regular elements to be added is generated auto-
matically and in real-time (e.g., when a user selects a drawing
element and positions an input device pointer on top of a
layout object). With this feature, the user can preview addi-

10

30

35

40

45

50

2

tions of regular elements to a CAD drawing before accepting
them. Another feature of the present invention is that the
preview display is modified automatically and in real-time in
response to user inputs (e.g., pressing the CTRL key changes
the number and arrangement of regular elements to be added).

The method according to one embodiment of the present
invention includes the steps of displaying a user interface
including an input section and a layout object, receiving a
selection of a structural member from the input section, moni-
toring a position of an input device pointer on the user inter-
face, and generating a display of one or more structural mem-
bers to be added when the input device pointer is positioned
on top of the layout object.

The method according to another embodiment of the
present invention includes the steps of selecting a structural
member from an input section of a user interface, and posi-
tioning an input device pointer on top of a layout object
displayed on the user interface to cause the layout object to be
highlighted and preview graphics of one or more structural
members to be displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual block diagram of a computer system
with which embodiments of the present invention can be
practiced.

FIGS. 2A-2F are schematic representations of graphical
user interfaces that illustrate a method according to an
embodiment of the present invention.

FIGS. 3A-3C are schematic representations of graphical
user interfaces that illustrate a method according to another
embodiment of the present invention.

FIGS. 4A-4C are schematic representations of graphical
user interfaces that illustrate a method according to still
another embodiment of the present invention.

FIG. 5 is a flow diagram that illustrates the steps carried out
by a computer system to generate regular elements fora CAD
drawing in accordance with an embodiment of the present
invention.

FIG. 6 is a flow diagram that illustrates the steps carried out
by a user to generate regular elements for a CAD drawing in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

The present invention provides graphical user interface
(GUI) tools to generate regular elements for a CAD drawing
interactively, dynamically and in real-time. With these tools,
the CAD designer can actually see the regular elements as he
or she is creating them or modifying them. The position of the
regular elements is determined by the position of an input
device pointer controlled by the CAD designer. The number
of regular elements that are created is also controlled by the
CAD designer. As one example, the CAD designer presses the
CTRL key on the keyboard to modify the number and
arrangement of regular elements that are created.

FIG. 1 is a conceptual block diagram of a computer system
100 with which embodiments of the present invention can be
practiced. The components of the computer system 100 illus-
trated in FIG. 1 include CAD application 105, graphical user
interface (GUI) 110, CAD drawing 120, user input devices
130, and a display device 115. CAD application 105 is a
software application that is stored in memory and executed by
the processor of the computer system 100. It includes soft-
ware program routines or instructions that allow a user inter-
acting with GUI 110 to create, view, modify and save CAD
drawing 120. In the examples provided herein, the CAD



US 9,177,422 B2

3

application 105 is the Autodesk® Architectural Desktop soft-
ware application program and associated utilities. Typically,
user input devices 130 include a mouse and a keyboard, and
display device 115 includes a CRT monitor or LCD display.

FIG. 2A is a schematic representation of a sample GUI 110
that may be used to generate regular elements in accordance
with the embodiments of the present invention. As shown,
GUI interface 110 includes a tool palette 210, various select-
able items 215 within the tool palette 210, a properties palette
220, and a layout section 230. The layout section 230 repre-
sents the area of CAD drawing 120 in which regular elements
will be generated and includes a layout object with respect to
which the regular elements will be generated. The layout
object shown in FIG. 2A is a column grid 235.

Asused herein, the term “regular elements” means a draw-
ing element that is to be laid out multiple times in a regular
manner on a CAD drawing. A particular drawing element that
the user desires to lay out multiple times in a regular manner
on a CAD drawing is selected from the tool palette 210.
Within CAD application 105, each drawing element in the
tool palette 210 corresponds to an object that models a struc-
tural member of a particular type and style. Different types of
structural members include beams, columns, braces, etc.
Also, a single type of structural member may have different
styles. Generally, different styles of the same structural mem-
ber have different cross-sections. In some instances, struc-
tural members of different types may share the same style.
When a structural member of a particular type and style is
selected from the tool palette 210 and is laid out with respect
to a CAD drawing 120, CAD application 105 creates an
instance of the object corresponding to the structural member.
An instance of an object corresponding to a structural mem-
ber defines the length, rotation, and position of that structural
member.

The tool palette 210 shown in FIG. 2A is a schematic
representation of the actual tool palette. The actual tool pal-
ette typically displays icons representing different types and
styles of structural members. For simplicity inillustration, the
selections shown in tool palette 210 include just four: Beam,
Column, Brace, and Joist. These four correspond to a beam of
a particular style, a column of a particular style, a brace of
particular style, and a joist of a particular style, respectively.
In the example provided in FIG. 2A, the drawing element,
Beam (shown highlighted), is selected from the tool palette
210. The arrow represents a cursor of an input device, e.g., a
mouse cursor.

In response to a selection of a drawing element from the
tool palette 210, the properties palette 220 is updated to
display the default properties and input fields associated with
the selected drawing element. In addition, CAD application
105 initiates a process to monitor the mouse cursor position.
If CAD application 105 determines that the mouse cursor
position is positioned on top of a supported object (i.e., an
object that can support the generation of the selected drawing
element according to a regular layout), it highlights the dis-
play of that object to indicate to the user that the drawing
element selected from the tool palette 210 can be laid outin a
regular manner with respect to that object and generates a
preview graphic of the drawing elements to be laid out in a
regular manner.

In the example of FIG. 2A, the drawing element selected
from the tool palette 210 is Beam, which corresponds to a
beam structural member of a particular style. One of the
supported objects for beams is a column grid. There are other
supported objects including a slab or a closed polyline. For a
column structural member, supported objects include a col-
umn grid or a wall. A supported object for a structural member
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may even be as simple as two lines drawn on the CAD draw-
ing 120, and multiple instances of the selected drawing ele-
ment may be laid out in a regular manner between the two
lines.

One of the input selections associated with a beam and
displayed in the properties palette 220 is “Layout type.” The
layout type may be “Edge” or “Fill.” The “Edge” option is for
laying out beams along the edges of a column grid or along
the edges of'a slab or closed polyline. The “Fill” option is for
laying out beams in one or more cells of a column grid or
within a closed space defined by a slab or a closed polyline.
When the “Fill” option is selected, two additional input fields
are displayed. The first input field is for specifying either a
“Repeat” layout or a “Space evenly” layout. If the “Repeat”
layout option is specified, the second input field is for speci-
fying the spacing between two structural members. If the
“Space evenly” layout is specified, the second input field is
for specifying the number of bays that are to be created within
the fill area when the structural members are generated.

FIGS. 2B-2E provide schematic representations of the
changes in the GUI 110 as the user makes inputs through the
GUI 110 to lay out multiple beams in a regular manner on the
edges of the column grid 235. In FIG. 2B, the user positions
the mouse cursor on top of an edge of the column grid 235. In
response, the display of the column grid 235 highlights, and a
preview graphic of a beam 240 is displayed at the position of
the mouse cursor. FIG. 2B also shows a tool tips display that
also appears. The tool tips display informs the user of addi-
tional options that can be selected using the CTRL key. The
highlighted option is the current option which is a single beam
generated at the position of the mouse cursor. The second
option, activated by pressing the CTRL key once, is a line of
beams generated at the position of the mouse cursor. The third
option, activated by pressing the CTRL key one more time, is
a grid of beams generated throughout the column grid 235.
The fourth option is a manual mode, activated by pressing the
CTRL key one more time. This mode allows the user to exit
out of the mode for automatically generating regular ele-
ments. Pressing the CTRL key one more time cycles the user
back to the “single beam” mode.

FIG. 2C illustrates the changes to the GUI 110 when the
user moves the mouse cursor to a different position on the
column grid 235. Here, the position and orientation of the
preview graphic of the beam has changed in accordance with
the change in the mouse cursor position. FIG. 2D illustrates
the changes to the GUI 110 when the user presses the CTRL
key once after generating the single beam shown in FIG. 2C.
Here, the preview graphic of multiple beams along one line of
the column grid 235 is generated. FIG. 2E illustrates the
changes to the GUI 110 when the user presses the CTRL key
one more time after generating the line of beams shown in
FIG. 2E. Here, the preview graphic of multiple beams along
all edges of the column grid 235 is generated. In the preferred
embodiment, a preview graphic of a structural member has
less detail than the regular graphic of the structural member.
This saves system resources. However, in alternative embodi-
ments, the preview graphic of a structural member may have
as much detail as the regular graphic of the structural member.

FIGS. 3A-3C provide schematic representations of the
changes in the GUI 110 as the user makes inputs through the
GUI 110 to lay out multiple beams in a regular manner in the
“fill” area defined by the cells of the column grid 235. The tool
palette 210 shows the drawing element, Beam, highlighted to
indicate the drawing element that has been selected, and the
properties palette 220 shows that the “Layout Type” selected
is “Fill.”” When a user positions the mouse cursor over an edge
of the column grid 235, the column grid 235 becomes high-
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lighted, and a preview display of the multiple beams is gen-
erated in that fill area. The display of the multiple beams is
generated so that the beams are aligned perpendicular to the
edge of the column grid 235 over which the mouse cursor is
positioned. The user has the option of “filling” a single cell or
all cells of the column grid 235 by operation of the CTRL key.

In the example shown in FIG. 3A, the layout method is
specified as “Repeat” and the spacing between the beams is
specified as 18 inches. The first beam is positioned at the
location of the mouse cursor and the other beams that are
needed to fill the cell are laid out with respect thereto. It is
possible to specify the rotation of the beams using an input
field for the rotation angle (not shown), which is also provided
in the properties palette 220. If the rotation angle is specified
as 90 degrees, the beams 240 shown in FIG. 3A will have a
vertical orientation.

FIG. 3B provides an example of “filling” a cell of the
column grid 235 using the “Space evenly” layout method,
where the number of bays parameter has been specified as 3.
This means that 2 beams will need to be generated in the fill
area so that 3 bays will be created in the fill area. The layout
section 230 in FIG. 3B illustrates the preview display of 2
beams and the creation of 3 bays as a result thereof. FIG. 3C
illustrates the changes to the GUI 110 when the user moves
the mouse cursor to an edge of a different cell of the column
grid 235. When the user does this, the entire preview graphics
for the multiple beams moves into the different cell.

FIGS. 4A-4C are schematic representations of the GUI 110
that illustrate the changes in the GUI 110 as the user makes
inputs through the GUI 110 to lay out multiple columns in a
regular manner on a wall object 435. The layout section 230
can be viewed in either 2D or 3D and, in this example, it is
viewed in 3D. FIG. 4A illustrates the selection of the “Col-
umn” drawing element from the tool palette 210 and the
associated changes to the properties palette 220. When the
user positions the mouse cursor on top of the wall object 435,
the wall object 435 highlights and a preview display on one
column 440 is generated on the wall object 435 at the location
of the mouse cursor. This is shown in FIG. 4B. The user can
lay out multiple columns 440 along the wall object 435 by
either the “Repeat” layout method or the “Space evenly”
layout method. The properties palette 220 in FIG. 4B shows
that, in this example, the “Space evenly” layout method has
been specified with the number of' bays equal to 4. This means
that 3 columns 440 will need to be generated in the fill area so
that 4 bays will be created in the fill area. When the user
presses the CTRL key once, the preview graphics for the
multiple columns 440 are generated. This is shown in FIG.
4C.

In the examples provided above, when the user presses the
mouse button after the preview graphics have been generated,
the preview graphics are replaced with regular, more detailed,
graphics, and the properties associated with the structural
members that were calculated to generate the preview graph-
ics and the regular graphics (e.g., length, orientation, and
position of each of the structural members) are saved as part
of the CAD drawing.

FIGS. 5 and 6 illustrate the steps that are carried out to
generate regular elements for a CAD drawing in accordance
with embodiments of the present invention. In FIG. 5, the
computer system 100 is performing the steps. In FIG. 6, the
user interacting with the GUI 110 is performing the steps.

In step 510, the GUI 110, like the one shown schematically
in FIG. 2A, is generated and displayed to the user. This GUI
110 includes a drawing element selection menu (e.g., the tool
palette 210) and a layout section (e.g., the layout section 230).
Then, in step 512, the computer system 100 receives a selec-
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6

tion of a particular tool from the user through the GUI 110.
The computer system 100 then monitors the input device
pointer (e.g., mouse cursor) to see if it is positioned on top of
a supported object (e.g., column grid object 235) (step 514).
If it is, flow proceeds to step 516, and the computer system
100 highlights the display of the supported object, creates
instances of the drawing elements that are to be added to the
CAD drawing, and generates the preview graphics for the
drawing elements. In steps 518 and 520, the computer system
100 monitors the CTRL key and the input device button (e.g.,
mouse button) for activation. If the CTRL key is activated, the
computer system 100 updates the properties and the preview
graphics of the drawing elements to be added to the CAD
drawing (step 522). If the input device button is activated, the
properties of the drawing elements to be added to the CAD
drawing are saved, and a display ofthe more detailed graphics
of the drawing elements are generated (step 524).

In step 610, the user selects a particular drawing element
from an element selection menu (e.g., the tool palette 210)
that is displayed on a GUI 110 like the one shown schemati-
cally in FIG. 2A. Then, in step 612, the user positions an input
device pointer (e.g., mouse cursor) on top of a supported
object (e.g., column grid object 235) in response to which the
supported object becomes highlighted on the GUI 110 and
preview graphics of the drawing elements to be added to the
CAD drawing are displayed. While the preview graphics are
displayed, the user can cycle through different modes of
generating drawing elements by pressing the CTRL key one
or more times (step 614). In step 616, the user accepts the
generated drawing elements to be part of the CAD drawing by
pressing the input device button. This also causes the proper-
ties associated with the drawing elements to be saved and a
display of the more detailed graphics of the drawing elements
to be generated.

While the foregoing is directed to embodiments of the
present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow. In one embodiment of the invention, a
computer-readable medium comprises a computer program
for instructing a computer system to carry out the steps of:
displaying a user interface including an input section and a
layout section; receiving a selection of a structural member
through the input section; monitoring a position of an input
device pointer on the user interface; and generating a display
of'a plurality of selected structural members within the layout
section of the user interface when the input device pointer is
positioned within the layout section.

What is claimed is:

1. A computerized method for automatically generating
supporting structures for architectures using a graphical
drawing computer program, comprising the steps of:

displaying a graphical representation of a data object asso-

ciated with an architecture that requires structural sup-
port by supporting structures;

receiving a selection from a user of one of a plurality of

supporting structure types;

generating a layout for the architecture that comprises a

plurality of the selected supporting structure type
arranged in a formation that is based upon both a posi-
tion of an input device of the user within the graphical
representation of the data object and a plurality of con-
figurable properties relating to the selected supporting
structure type,

automatically overlaying a graphical preview of the gener-

ated layout on the graphical representation of the data
object, wherein the graphical preview indicates which of
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the configurable properties included in the plurality of
configurable properties are selected, and wherein the
graphical preview does not occlude the graphical repre-
sentation of the data object;
receiving an update from the user indicating which prop-
erties included in the plurality of configurable properties
are selected while the graphical representation of the
data object and the graphical preview that is overlaid on
the graphical representation of the data object are dis-
played; and
updating the graphical representation of the data object and
graphical preview that is overlaid on the graphical rep-
resentation of the data object based upon both a position
of the input device of the user within the graphical rep-
resentation of the data object and the update received
from the user.
2. The method of claim 1, further comprising the steps of:
generating a second layout for the architecture upon a
change of position of the input device of the user; and

automatically displaying to the user a second graphical
preview of the second layout as an overlay on the graphi-
cal representation of the data object.

3. The method of claim 1, further comprising the steps of:

generating a second layout for the architecture upon a

change of one of the plurality of configurable properties;
and

automatically displaying to the user a second graphical

preview of the second layout as an overlay on the graphi-
cal representation of the data object.

4. The method of claim 1, further comprising the steps of:

receiving an acceptance of the graphical preview by the

user; and

storing the layout in the data object in a memory.

5. The method of claim 1, wherein the architecture is a
column grid or a wall.

6. The method of claim 1, wherein the plurality of support-
ing structure types includes beams, columns, braces and
joists.

7. The method of claim 1, wherein the configurable prop-
erties relating to the selected supporting structure type
include laying the supporting structure type along the edges
of the architecture, repeating the supporting structure type in
the architecture based upon a specified spacing, and repeating
the supporting structure type in the architecture based upon a
specified number of bays.

8. The method of claim 1, wherein the graphical represen-
tation is a three-dimensional graphical representation.

9. A computer readable medium including instructions for
a graphical drawing computer program that, when executed
by a processing unit of a computer system, causes the pro-
cessing unit automatically generate supporting structures for
architectures, by performing the steps of:

displaying a graphical representation of a data object asso-

ciated with an architecture that requires structural sup-
port by supporting structures;

receiving a selection from a user of one of a plurality of

supporting structure types;

generating a layout for the architecture that comprises a

plurality of the selected supporting structure type
arranged in a formation that is based upon both a posi-
tion of an input device of the user within the graphical
representation of the data object and a plurality of con-
figurable properties relating to the selected supporting
structure type,

automatically overlaying a graphical preview of the gener-

ated layout on the graphical representation of the data
object, wherein the graphical preview indicates which of
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the configurable properties included in the plurality of
configurable properties are selected, and wherein the
graphical preview does not occlude the graphical repre-
sentation of the data object;

receiving an update from the user indicating which prop-

erties included in the plurality of configurable properties
are selected while the graphical representation of the
data object and the graphical preview that is overlaid on
the graphical representation of the data object are dis-
played; and

updating the graphical representation of the data object and

graphical preview that is overlaid on the graphical rep-
resentation of the data object based upon both a position
of the input device of the user within the graphical rep-
resentation of the data object and the update received
from the user.

10. The computer readable medium of claim 9, wherein the
processing unit further performs the steps of:

generating a second layout that supports the architecture of

the data object upon a change of position of the input
device of the user; and

automatically displaying a second graphical preview of the

second layout as an overlay on the graphical represen-
tation of the data object for acceptance by the user.

11. The computer readable medium of claim 9, wherein the
processing unit further performs the steps of:

generating a second layout that supports the architecture of

the data object upon a change of one of the plurality of
configurable properties; and

automatically displaying a second graphical preview of the

second layout as an overlay on the graphical represen-
tation of the data object for acceptance by the user.

12. The computer readable medium of claim 9, wherein the
processing unit further performs the steps of:

receiving an acceptance of the graphical preview by the

user; and

storing the layout in the data object.

13. The computer readable medium of claim 9, wherein the
architecture is a column grid or a wall.

14. The computer readable medium of claim 9, wherein the
plurality of supporting structure types includes beams, col-
umns, braces and joists.

15. The computer readable medium of claim 9, wherein the
configurable properties relating to the selected supporting
structure type include laying the supporting structure type
along the edges of the architecture, repeating the supporting
structure type in the architecture based upon a specified spac-
ing, and repeating the supporting structure type in the archi-
tecture based upon a specified number of bays.

16. The computer readable medium of claim 9, wherein the
graphical representation is 3D.

17. A computer system adapted to execute a graphical
drawing computer program to automatically generate sup-
porting structures for architectures comprising:

a display device for displaying a graphical user interface of

the computer graphics drawing program;

an input device enabling a user to interact with the graphi-

cal user interface; and

aprocessing unit configured to execute the graphical draw-

ing computer program by performing the steps of:

displaying, in the graphical user interface, a graphical
representation of a data object associated with an
architecture that requires structural support by sup-
porting structures,

receiving a selection from the user, through the input
device, of one of a plurality of supporting structure

types,
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generating a layout for the architecture that comprises a
plurality of the selected supporting structure type
arranged in a formation that is based upon a position
of the input device of the user within the graphical
representation of the data object and a plurality of
configurable properties relating to the selected sup-
porting structure type,

automatically overlaying a graphical preview of the gen-
erated layout on the graphical representation of the
data object, wherein the graphical preview indicates
which of the configurable properties included in the
plurality of configurable properties are selected, and
wherein the graphical preview does not occlude the
graphical representation of the data object,

receiving an update from the user indicating which prop-
erties included in the plurality of configurable prop-
erties are selected while the graphical representation
of the data object and the graphical preview that is
overlaid on the graphical representation of the data
object are displayed, and

updating the graphical representation of the data object
and graphical preview that is overlaid on the graphical
representation of the data object based upon both a
position of the input device of the user within the
graphical representation of the data object and the
update received from the user.

18. The computer system of claim 17, wherein the process-
ing unit further performs the steps of:
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generating a second layout that supports the architecture of
the data object upon a change of position of the input
device of the user; and

automatically displaying a second graphical preview of the

second layout as an overlay on the graphical represen-
tation of the data object for acceptance by the user.

19. The computer system of claim 17, wherein the process-
ing unit further performs the steps of:

generating a second layout that supports the architecture of

the data object upon a change of one of the plurality of
configurable properties; and

automatically displaying a second graphical preview of the

second layout as an overlay on the graphical represen-
tation of the data object for acceptance by the user.

20. The computer system of claim 17, wherein the process-
ing unit further performs the steps of:

receiving an acceptance of the graphical preview by the

user; and

storing the layout in the data object.

21. The computer system of claim 17, wherein the config-
urable properties relating to the selected supporting structure
type include laying the supporting structure type along the
edges of the architecture, repeating the supporting structure
type in the architecture based upon a specified spacing, and
repeating the supporting structure type in the architecture
based upon a specified number of bays.
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